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Abstract. In this contribution we briefly introduce a mechanism for 
short gamma ray burst emission different from the usually assumed 
compact object binary merger progenitor model. It is based on the 
energy release in the central regions of neutron stars. This energy 
injection may be due to internal self-annihilation of dark matter grav- 
itationally accreted from the galactic halo. We explain how this effect 
may trigger its full or partial conversion into a quark star and, in such 
a case, induce a gamma ray burst with isotropic equivalent energies in 
■4— < ■ agreement with those measured experimentally. Additionally, we show 

how the ejection of the outer crust in such events may be accelerated 
enough to produce Lorentz factors over those required for gamma ray 



emission. 
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1 Introduction 



o 

■ Short gamma ray bursts (SGRB) are highly energetic phenomena in the universe 
* . that according to its time duration () Kouveliotou et al. 1993|) can be considered 
I ■ to be At < 2 s. Energetically, they can emit isotropic equivalent energies in the 
£Sj . range i?i so w 10 48 — 10 52 erg, and some with beamed emission. The beaming factor 
accounts for the milder emission at the source, i?i so //b, due to the geometrical 



-l 



finite solid angle, defined as /b = (j^) . Typically, there is a large spread in / b 
but it can be ~ 10 — 100. To date, although higly uncertain, such a rapid release 
of huge energies is thought to correspond to the merger of two compact objects, 
d each of them possibly being either a neutron star (NS) or a black hole (BH). NSs 
are compact-sized objects with a typical mass M ~ 1.5M© and radius R ~ 12 
km born in a supernova event. The interior of these objects is largely unknown 
and periodically revisited ( |Glendenning 2000] ) but the large densities suppossedly 
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attained in the core of these objects of about p ~ 410 14 g/cm 3 well overpass 
the nuclear saturation density of regular finite nuclei. In this context, matter is 
well described by a degenerate system of nucleons where temperature effects are 
negligible as compared to the Fermi energies of the nuclear species population, 
ksT/Ep « 1. It is expected that the core, most of the NS, is formed by a dense 
soup of nucleons or even heavier baryons bearing strangeness. The equation of 
state (EoS) describing the interior is largely uncertain but mainly concerns weak 
and strong interactions and can be treated using a variety of methods. We will 
consider in this contribution a relativistic field model with two parameterizations, 
the TM1 ( |Sugahara et al. 19940 and TMA (|Toki et al. 1995|) EoSs. 

These objects have a strong gravitational potential as probed, for example, 
in the absorption lines in the spectra of 28 bursts of the low-mass X-ray binary 
EXO 0748-676 (jCottam et al.2002| . The mass-to-radius ratio was probed in this 
way, since z = (1 - R s /R)~ 1/2 - 1 with R s = 2GM/c 2 the Schwarzschild radius, 
and it was possible to determine that z = 0.35 for this object, a huge value as 
compared to cluster masses of ~ 10 14 M Q , where it is estimated to be z ~ 10~ 5 
or the sun z ~ 10 -6 ( |Lopresto et al. 1991[ ). This provided the first observational 
direct evidence that NSs are indeed made of tightly packed matter and confirms 
that could be considered very effective accretors from a companion or from matter 
distributed in the galactic halo. 

In this light the sun has been considered of interest for the indirect detection of 
dark matter (DM) . This so- far undetected component of our universe is thought to 
amount ~ 23%, for a review see (IBertone 2010|) . There is a number of DM particle 
candidates in current theoretical models so called beyond the Standard model 
where they naturally arise, the most popular being the lightest supersymmetric 
particle, the neutralino. As it seems there are some indications that either from 
accelerator, direct or indirect searches the discovery may be not too far. Particle 
DM candidates with masses m x ^4 — 12 GeV/c 2 in the direct and m x ~ 130 
GeV/c 2 in the indirect search are currently under debate. In this sense the fact 
that DM could be a self-annihilating Majorana fermion could lead to dramatic 
consequences from the astrophysical point of view as we will explain in what 
follows. 

2 SGRB engine model in brief 

It has been claimed that NSs could accrete DM from the galactic halo and due 
to a density enhancement at the core of the NS, spark seeding based on DM 
self annihilation may be possible (|Perez-Garcia et al. 2010]) . This sort of Trojan 
mechanism would allow, in principle, the release of energies comparable to binding 
of quarks in baryons and, therefore, the deconfincmcnt of the quark content. Once 
quark lumps are formed they are energetically very stable and they could grow or 
coalescence helped by the pressure softening of this type of matter. It has been 
studied (Bhat tacharyya et al. 2006] ) that a macroscopic conversion burning front 
may indeed be possible (partially) fully converting the NS into a (hybrid) quark 
star (QS) (jPerez-Garcia and Silk 2012]) . Typically, the object converting has an 
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energy reservoir that is a factor of order unity the gravitational binding energy, and 
if such a transition takes place the mass of the resultant QS is close to the initial 
NS (Mqs ~ Mffg). When it is converted a fraction of the two object binding 



energies /qs/ns 



V Mns j \%j 1 



is released. In order to see if this type of 



single non-repeating catastrophic events have an occurrence rate compatible with 
current limits on those of SGRBs we compare them to those of Supernova type II 
formation and we see (Pcrcz-Garci a et al. 2012) that even considering the large 
uncertainty in the values of beaming factors, indeed there must be a non-trivial 
time delay probability distribution and only in rare cases such events must take 

place since Jgff^ — ~(8x 10~ 4 -)• 3 x 10~ 3 ) 



/V NS->QS 



(/b) 
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Regarding the properties in the host galaxy there is no definite place for the 
SGRBs, being allowed in all regions in either type of galaxy. There is however 
less correlation than with respect to long GRBs that show a correspondance with 
central regions of star forming galaxies. In this model the progenitors (i.e. NSs) 
show a natural mechanism to un-correlate due to a natal kick velocity of the order 
v ~ 10 3 km/s providing off-sets of the order d ~ vt where r is the delay to the 
conversion. In this model it is highly uncertain since it depends on the drift history 
of the NS and the inhomogeneous cluster of the DM environment traversed over 
time scales of r ~ 10 3 — 10 7 yr according to the details of the DM steady accretion 
and deduced ages of regular NSs. 

As for the energetics, the amount of kinetic energy of the expelled outer crust is 
a fraction of the gravitational energy E^m — f C jAE gIliv if acceleration is complete. 
As explained, the isotropic equivalent energy that could be radiated as gamma-rays 
by such an ejecta can be estimated by 



*rM* 3.5x10-^4)^^^^7^) erg , (2.x) 
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where / 7 is the efficiency of gamma-ray energy extraction from the ejecta and 
could range from ~ 0.01 — 0.1. This estimate of -E 7 .i so is in reasonable agreement 
with observations of SGRBs: the NS— 5-QS conversion scenario investigated here 
can reproduce measured energies in SGRBs for /b/ 7 / e j — 3 x 10~ 4 — 0.3. 

In Figure [1] we show the isotropic equivalent energy (logarithmic scale) as a 
function of the progenitor NS mass, obtained with the TM1 (squares) and TMA 
(circles) EoS. From top to bottom a value of the product of three efficiency frac- 
tions, /b/ 7 /cj — 0-3, 0.01, 3 x 10 -4 has been assumed. We can see that the major 
dependence is due to the microphysics efficiency of the model and ejection but the 
interior EoS mainly affects the possibility of more massive progenitors. This is 
quite natural consequence of the fact that the mass-radius relationships for both 
EoS are similar in shape but they attain different maximum masses. Due to the 
fact that typical energies are in the range -E 7 .i so ~ 10 48 — 10 52 erg, it leads to 
consider that smaller efficiency fractions are even able to produce SGRBs in light 
of this mechanism. However further details and modelling is needed. 

As for Lorentz factors they can be estimated from the ejected mass, M e j, and 
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Fig. 1. Isotropic equivalent energy as a function of the progenitor NS mass (in Mq units) 
as obtained with the TM1 (squares) and TMA (circles) EoS. From top to bottom a value 
of fhftfei = 0.3,0.01,3 x 10 -4 has been assumed. 
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Fig. 2. Maximum Lorentz factor as a function of the mass (in Mq units) of the progenitor 
NS as computed with the TM1 (solid line) and TMA (dashed line) EoS. An ejection 
fraction of / e j = 10 -2 has been assumed. 
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As the fraction of the energy injected in the outer crust is not too small (/ e j > 10~ 3 ) 
r m ax > 15, in agreement with the observational constraints and even ultra- high 
relativistic ejecta with r max > 100 are allowed if only the outer crust is expelled. 
The mass in the outer crust can be computed from the integration of the structure 
equations (|Oppcnhcimer and Volkoffl939) (for the non-rotating case) from the 
neutron drip, /9nd ~ 410 11 g/cm 3 , out to the very external radius in the NS. 

In Figure [5] we show the maximum Lorentz factor r max as a function of the 
NS mass (in M Q units) for the TM1 (solid line) and TMA (dashed line) EoSs. 
For each value of the progenitor mass, the outer crust value is obtained as the 
mass from the radial value where the baryonic density falls below the neutron 
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drip density. An ejection fraction of / e j = 10~ 2 has been assumed as an average 
typical value. We can see that for masses above M ~ 1.4M Q gamma ray emission 
is allowed, and typical NS meassured masses confirm this range. In particular, 
the value of 1.97 ± 0.04 Mq for the mass of PSR J1614-223048 measured using 
Shapiro time delay (jDemorest et al. 2010[) can be reached in this context using 
the TMA EoS description. In addition to the gamma ray emission it is expected 
a multi-messenger correlated signal emitted in gravitational waves and neutrinos. 
In this sense advanced versions of LIGO/ VIRGO and KM3 net detectors could 
detect this in the coming future. 

3 Conclusions 

In the present contribution we discuss whether a non-repeating cataclysmic event 
of the type NS— s-QS transition driven by DM could produce SGRBs and what 
would be typical values of isotropic energies and maximum Lorentz factors. We 
compare the energy released by SGRBs with the energetics of the progenitor model 
that we propose for two popular NS EoS. We discuss the short GRB event rate in 
light of this scenario as compared to observed rates, as well as the natural delay 
time between the regular NS phase and the QS formation and the properties of 
the host galaxies of short GRBs. We analyze crust masses for the same EoSs 
that could be expelled due to the NS— >QS conversion and we obtain that Lorentz 
factors could be ultra-relativistic for large enough progenitors. 
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